effects (Nsa et al. 2015) . These observations have been extended to conidiation rhythms in 57 LD3:3 and LD9:9 (Dong et al. 2008 ).However, under extremely short T-cycles that exceed the 58 thresholds, the rhythms free run in certain species, including Neurospora, Canavalia 59 ensiformis and sparrow (Dunlap et al. 2004; Binkley 1990 ).
60
It is very challenging for the endogenous circadian rhythms to be entrained to non-24 h 61 LD cycles compared to the rest-activity rhythms (Czeisler et al. 1999 ; Lewis and Lobban 62 1957 ). Under such conditions, the endogenous rhythmicities may desynchronize with the 63 behavioral rhythmicities, which leads to inadaptation or disorders that have been observed in 64 a number of checked organisms (Czeisler et al. 1999; Ouyang et al. 1998; Highkin and 6 analyses. * represents the p-value of the statistical tests is less than the significance level of 0.05 (p≤0.05); 133 ** represents p≤ 0.01 and *** represents p≤ 0.001. 134
Data availability 135
All strains and reagents are available upon request. The RNA-seq data sets are available at the 136 GEO database (GSE108814). File S1 contains Table S1, Table S1 , Figures S1-S5 and 137 supplemental methods and protocols for dynamic modeling and RNA sequencing. Table S1 138 in File S1 lists all Neurospora strains. Table S2 in File S1 lists the parameters of the 139 mathematical model. File S2 contains Table S3 that provides the up-regulated genes in Δcry, 140 Δvvd, Δwc-1 in 5000 lux. File S3 contains Table S4 that lists the KEGG pathway of genes 141 differentially expressed in Δcry, Δvvd, Δwc-1 in 5000 lux light and 1000 lux light. Figure   142 S1 in File S1 shows the conidiation rhythms of FGSC4200 strain. Figure S2 in File S1 
Results

150
The synchronization and resonance of Neurospora rhythms under LD routines 151 To address how the short LD cycles affect the rhythms, we conducted race tube assays with Figure 1A ).
160
The arrhythmicity of Neurospora under extremely short LD cycles (e.g., LD1:1) could be 161 explained by two possibilities: 1) the conidiation rhythms were abolished; 2) the bands were 7 too compact and ambiguous to detect. To validate, we used the non-band strain FGSC4200 163 which grows very fast in race tube. In constant dark FGSC 4200 shows mild conidiation 164 rhythms (Belden et al. 2007 ), while in LD1:1 it showed weak but recognizable conidiation 165 rhythms ( Figure S1 in File S1). These data suggest that although the free-running circadian 166 period of Neurospora is approximately 22 h, the conidiation rhythm can be induced by 167 extremely short LD cycles.
168
The circadian clock can adjust to fit with the cycling environment, especially the light.
169
We compared the growth rate of two frq mutants frq 2 and frq 7 , which possess shorter and 170 longer free-running periods in constant dark, respectively (Gardner and Feldman 1981 LD65min:25min was also significantly faster than LD12:12 ( Figure 1D ).
180
Neurospora microconidia are small uninucleate spores that serve as male gametesor as 181 asexual reproductive structures (Maheshwari 1999 Figure 1E ).
186
Expression of the FRQ protein in different LD cycles
187
As the circadian clock is involved in controlling the conidiation rhythmicity, we asked in File S1).
196
Mathematical modeling suggested that under LD12:12 and LD6:6, the concentration of
197
FRQ protein matches the LD cycles ( Figure 2G and Figure S3 in File S1 and Table S2 
238
We also observed these strains under~5000 lux red and blue light. In blue:dark (BD) 239 cycles, most of the tested strains exhibit conidiation rhythms. In contrast, under red light, all 240 the examined strains showed no entrained rhythms in LD6:6, LD3:3 and LD2:2 ( Figure S5 ,
241
A-G in File S1 in File S1).
262
In contrast to our results, Nsa et al showed that the wc-1 strain exhibit no obvious 
275
It is intriguing to note that in BD cycles (blue light: 1000 lux), the strains cog-1; wc-1, 
Transcriptomic analysis of genes induced by high-intensity light
294
The above data suggest that high-intensity light influences conidiation rhythms, thus we 295 conducted RNA-seq analysis to assess the changes of gene expression in response to 296 high-intensity light.
297
We compared the transcriptomic changes of the strain cry, vvd, wc-1, which contains 298 no known blue light photoreceptors, after exposure for 45min to either 1000 lux or 5000 lux 299 white light (Fig. 6A) . The results showed that upon light exposure, a variety of genes involved (Table S4 in File S3), the genes involved were different, suggesting that higher-intensity 310 light plays specific roles in regulating the expression certain genes and metabolism.
311
Taken together, these data confirm that high-intensity light induces the expression of a 12 set of genes in clock mutants that might represent the targets for studying the potential 313 unidentified photoreceptor(s). rhythms responding to the very short LD cycles.
414
The light conditions in certain extreme environments, e.g., space, dramatically differ and high-intensity light (E). WC-1, VVD and additional photoreceptor(s)are implicated in the 594 regulation of the conidiation rhythms. In 6 h≤ T ≤ 24 h, the FWO system is entrained, and the 595 FRQ rhythms are not endogenous as they cannot be maintained in constant dark. The question 596 masks denote unidentified photoreceptor and putative coupler linking FWO and conidiation, 597 respectively. Transducers denote the factors linking photoreceptor and conidiation. 598 599 600
